









The Baylis-Hillman Reaction: An Overview 
This Chapter is divided into two sections.
SECTION A: Introduction
Construction of a C–C bond is most fundamental requirement in the synthetic organic chemistry from its origin. The well-known C–C bond forming reactions are 
Aldol condensation reaction (1872), Friedel-Craft reaction (1877), Diels-Alder reaction (1928), Wittig reaction (1954) and Heck reaction (1968).
Very recently Baylis-Hillman reaction got serious attention as a novel and versatile C–C bond forming protocol after it’s discovery by two German scientists A. B. Baylis and M. E. D. Hillman in 1972.
Baylis-Hillman Reaction:











R = alkyl, aryl, heteroaryl; R1 = H, COOR, Alkyl; X = O, NCOOR, NTS, NSO2Ph




1) Activated alkenes: A variety of activated alkenes such as alkyl vinyl ketones, alkyl (aryl) acrylates, acylonitrile, vinyl sulfones, acrylamides, allenic esters, vinyl sulfonates, vinyl phosphonates and acrolien couple with a number of carbon electrophiles to provide a wide range of multifunctional molecules.
2) Electrophiles: Aldehydes have been primary source of electrophiles. Tthus, various aliphatic, aromatic and hetero-aromatic aldehydes have been extensively employed in obtaining various interesting Baylis-Hillman adducts. Also -keto esters, non enolizable 1,2-diketones, aldimine derivatives and activated alkenes have been employed as electrophilies in this reaction.
3) Catalyst: Although DABCO (1) has been the catalyst of choice, various other tertiary amine catalysts such as quinuclidine (2), 3-HQD (3), 3-quinuclidone (4) and indolizine (5) were also employed to perform the Baylis-Hillman reaction (Eq. 1). 

SECTION B: Synthesis of Functionalized Trisubstituted Olefins and Baylis-Hillman Chemistry



















Stereoselective Synthesis of Functionalized Trisubstituted Olefins Introducing Hydride Nucleophile to the Baylis-Hillman Adducts
This chapter is divided into three sections. 

SECTION A: Stereoselective Synthesis of [2E]-2-Methylalk-2-enoates and Its Applications








favoured than B due to steric demand and the R group (alkyl, aryl) prefers to stay trans to the –COOMe group. Thus, [E]-products were formed exclusively.
With a view to prove the efficacy of this methodology, we have undertaken the practical synthesis of five insect pheromones. (4S, 2E)-2,4-dimethyl-2-hexenoic acid 3, a caste-specific substance present in the mandibular glands of the male carpenter ants in the genus Camponotus, (+)-(S)-manicone 4 and (+)-(S)-normanicone 5, the mandibular gland alarm pheromone components of the ants in the genus Manica, and (+)-(S)-1-methylbutyl (E)-2-methyl-2-pentenoate (dominicalure-I) 6 and (+)-(S)-1-methylbutyl (E)-2,4-dimethyl-2-pentenoate (dominicalure-II) 7, the aggregation pheromones of lesser grain borer Rhyzopertha dominica (F) have been synthesized here.

We have synthesized the pheromone 3 starting from (S)-2-methyl butanol via the Baylis-Hillman adduct 9 according to the Scheme 2.
Scheme 2

The pheromones 4 and 5 have been synthesized through a common sequential route of six steps via the compound 3 according to Scheme 3. 
Scheme 3

We have undertaken the synthesis of pheromones 6 and 7 starting from n-propanal and 2-methylpropanal respectively according to the procedure presented in Scheme 4.
Scheme 4

Thus, we have successfully utilized the potential of Baylis-Hillman chemistry for the practical synthesis of five important insects pheromones.

SECTION B: Stereoselective Synthesis of [E]-α-Methylcinnamic Acids and Its Applications
[E]--Methyl cinnamic acids moiety is an important and central structural unit present in various biologically active molecules, for example, 1-[p-(myristyloxy)--methylcinnamoyl]glycerol (LK-903) 1 is a very active hypolipidemic agent. 
N-Allyl-N-[4-{(4-amidinophenoxy)carbonyl}--methylcinnamoyl] glycine methane sulfonate 2  and its analogues are potent orally active serine protease inhibitors. Also [E]-2-methyl-3-(4-(myristyloxy)-phenyl)prop-2-enoic acid 3 itself shows good hypolipidemic activity. [E]-2-Methyl-3-(4-carbomethoxyphenyl)-prop-2-enoic acid 4  is a valuable synthon for the synthesis of serine protease inhibitor 2.







The stereochemistry of products was solely [E]- as evident by considering the same transition state models described in Section A (Fig. 1). Encouraged by this observations, we have then synthesized a series of (E)--methyl cinnamic acids directly from various adducts without isolating the intermediates 6. The used reagents i.e. NaBH4/CuCl2.2H2O or I2/NaBH4 are comparably useful for the synthetic purposes as per as the operational simplicities, overall yields and stereoselectivies are concerned. Here, we presented NaBH4/CuCl2.2H2O reagent system in synthetic applications. Infact, the efficiency of the protocol have been proved by the practical synthesis of compound 1, 3, & 4 which have been discussed below. 




Potent anti-cholesterol drug LK-903 (1) was synthesized starting from 




SECTION C: Stereoselective Synthesis of Trisubstituted [E]-Alkenones From Unmodified Baylis-Hillman Adducts: Improved Synthesis of (+)-(S)-Manicone and (+)-(S)-Normanicone




































Stereoselective Synthesis of Functionalized Trisubstituted Olefins Introducing Carbon Nucleophiles to the Baylis-Hillman Adducts
This chapter is divided into two sections. Section A is further divided into two parts.

SECTION A/PART I: Zn-Mediated Alkylation of Baylis-Hillman Adducts in Aqueous Media: Introduction of Alkyl Nucleophiles 

















PART II: Friedel-Crafts Reaction of Baylis-Hillman Adducts: Introduction of Aryl Nucleophiles













SECTION B: Applications of Alkylation of Baylis-Hillman Adducts in Aqueous Media: Stereoselective Synthesis of Biologically Active Molecules










































Synthesis of potent Anti-Alzheimer Drug, (R)-2-Propylocta-noicacid (3):
Alzheimer’s disease (AD) is the most common form of dementia in the elderly. It is a fatal disorder that robs its victims of their most precious organ, the brain by slowly destroying the complex web of neuronal connections that support cognitive processes such as thought and memory. Thus, research into fighting this ever-growing disease is directed towards new therapeutic agents, such as neuroprotective agents or antioxidents. One novel emerging compound is (R)-arundic acid (3), a neuroprotective agent, which modulates astrocytic activation by inhibiting the enhanced astrocytic synthesis of S-100β, responsible for inducing neuronal death.





















Stereoselective Synthesis of Functionalized Trisubstituted Olefins Introducing Heteroatoms (Cl, Br, I and O) as Nucleophiles to the Baylis-Hillman Adducts.
This chapter is divided into two sections. 

SECTION A: Stereoselective Synthesis of [2Z]-2-(halomethyl)alk-2-enoates and [2E]-2-(halomethyl)alk-2-enenitriles
[2Z]-2-(halomethylalk-2-enoates have been used as valuable synthons in the synthesis of a variety of important molecules such as micanecic acid, kijanolide, rennin inhibitor 
A-72517, and β-lactams. Similarly others bioactive molecules like, α-metylene-γ-butyrolactones and flavonoids have also been synthesized using [Z]-allyl halides derived from Baylis-Hillman adducts.	
The importance of [Z]- and [E]-allyl halides in the synthesis of several natural products deserved our attention. We thought to synthesize these important class of synthons directly from unmodified B-H adducts using metal-halides in the presence of some heterogeneous Lewis acid catalysts.
Introduction of Br¯ and I¯ Nucleophiles:

















The stereochemistry of products was exclusively [Z]- when EWG = -COOMe, whereas [E]- was the major isomer (94-97%) when EWG = -CN. 













Here InCl3 worked under heterogeneous condotion as it was poorly soluble in CH2Cl2. 











SECTION B: Stereoselective Synthesis of [E]-Cinnamyl Alcohol Derivatives Introducing Oxygen Nucleophile to The Baylis-Hillman Adducts



















In conclusion, we have developed a simple and efficient protocol for stereoselective synthesis of [E]- cinnamyl alcohols starting from Baylis-Hillman adducts containing both ester and nitrile moieties. The simple experimental procedure, utilization of a heterogeneous recyclable catalyst and high yields and stereoselectivity of the products are the advantages associated with the protocol.
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